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(57) Abstract 

A novel and in^noved nwttiod and ^ 
paratus for generating a reduced peak ampli- 
tude high data rate channel comprised of a 
set of lower rate channels is described. Hie 
set of lower rate channels (90, 92) are phase 
rotated before being summed and transmitted, 
llie amount of phase rotation is dependent 
on the number of channels used to fonn the 
higher rate channel (102). In an embodiment 
wheretwo lower rate channels (90, 92) are used, 
the in-pfaase and quadraUTfr-phase components 
of the two channels are complex multiplied (94^ 
96) before iq)conveisi(n wi& an in-phase and 
quadiBiure-phase sinusoids. For a high rale 
channel coi^msed cf mere than two lower rate 
channels, the in-i>hase and quadrature-phase 
component of each diannel is upcooveitBd with 
a set of sinusoids that are phase offset from one 
snothcr* 
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REDUCED PEAK-TO-AVERAGE AMPLITUDE 
MULTICHANNEL LINK 

BACKGROUND OF THE INVENTION 

5 

I. Field of the Invention 

The present invention relates to wireless telecommunications. More 
partiailarly, the present invention relates to a novel and improved method 
10 and apparatus for generating a reduced peak-to-average amplitude high data 
rate chaimel using of a set of lower rate channels. 

XL Description of the Related Art 

15 The IS-95 standard defines an over the air interface for providing 

more efficient and robust cellular telephone service using code division 
multiple access (CDMA) technology. CDMA technology allows multiple 
channels to be established within the same radio frequency (RF) 
electromagnetic spectrum by modulation of the data to be transmitted with 

20 one or more pseudorandom noise (FN) codes. FIG. 1 provides a highly 
simplified illustration of a cellular telephone system configiured in 
accordance with the use of IS-95. Mobile telephones 10 (also referred to as 
wireless terminals) communicate with base stations 12 via CDMA 
modulated RF signals, and base station controllers 14 provide call control 

25 functionality that allows mobile telephony to take place. Mobile switching 
center (MSC) 16 provides call routing and switching functionality to public 
switch telephone network (PSTN) 18. 

Conducting communications within the same RF band allows 
adjacent base stations to use the same RF spectrum, which increases the 

30 efficiency with which the available bandwidth is used. Other cellular 
standards typically require adjacent base station to use different RF 
spectrum. Using the same RF band also facilities performing "soft handoff/' 
which is a more robust method of transitioning a wireless terminal 
(typically a cellular telephone) between the coverage area of two or more 

35 base stations. Soft handoff is the state of simultaneously interfacing the 
wireless terminal with the two or more base stations 12, which increases the 
likelihood that at least one interface will be maintained at all times during 
the transition. Soft handoff can be contrasted to the hard handoff employed 
by most other cellular telephone systems where the interface with the first 
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base station is terminated before the interface with the second base station is 
established. 

Another benefit of using the same RF band to conduct 
communications is that the same RF equipment may be used to transmit a 

5 set of lower rate channels. This allows the same RF equipment to be used to 
generate a higher rate channel formed by multiplexing the higher 
multiplexed over the set of lower rate channels. Transmitting multiple 
channel using the same RF equipment is in contrast to frequency division 
and time division multiple access (FDMA and TDMA) systems, which 

10 generally cannot simultaneously trar\smit multiple channels using the 
same RF equipment since the charmels are frequency divided to a greater 
degree than in a CDMA system. This ability to transmit higher rate 
channels using the same RF equipment has become another important 
advantage of IS-95, as the world wide web, video conferencing, and other 

15 networking technologies has created a need for such higher rate channels. 

Although higher rate chaimels are more easily formed within a 
CDMA system by charmel bimdUng, the overall system performance 
resulting from this bundling is not optimal. This is because summing 
multiple channels creates a higher peak-to-average amplitude waveform 

20 than that of a lower rate serial channel. For example, for a serial chaimel 
the amplitude of the data waveform is either +1 to -1, in accordance with the 
BPSK data modulation employed by IS-95. Thus, the peak-to-average ratio is 
essentially that of a sin wave. For a higher rate channel that sums four 
lower rate channels, the amplitude of the waveform can be +4, -4, +2, -2 and 

25 0. Thus, the peak-to-average amplitude of the bundled channel would be 
significantly greater than a sin wave, and therefore significantly higher than 
the non-bimdled channel. 

An increased peak-to-average amplitude places greater demands on 
the transmit amplifier of a system, and can reduce the maximum data rate 

30 or maximum range at which a system can operate. This is due to several 
factors, the most important of which is that the average data rate is 
dependent on the average transmit and receive power, and a higher peak-to- 
average amplitude waveform requires a greater maximum transmit power 
to sustain a given average transmit power. Therefore, a larger, and more 

35 expensive, transmit amplifier is required to provide the same performance 
for a higher peak-to-average waveform. Nonetheless, it is highly desirable 
to generate a higher data rate chaimel in a CDMA by bundling a set of lower 
rate channels. Thus, there is a need for a method an apparatus for reducing 
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the peak-to-average trazismit amplitude ratio for a set of bimdled lower rate 
CDMA channels. 



SUMMARY OF THE INVENTION 

5 

The present invention is a novel and improved method and 
apparatus for generating a reduced peak-to-average amplitude high data rate 
channel using of a set of lower rate channels. The set of lower rate channels 
are phase rotated before being sununed and transmitted. The amoimt of 

10 phase rotation is dependent on the number of channels used to form the 
higher rate channel. In an embodiment where two lower rate channels are 
used^ the in-phase and quadrature-phase components of the two channels 
are complex multiplied before upconversion with' an in-phase and 
quadrature-phase sinusoids. For a high rate channel comprised of more 

15 than two lower rate channels^ the in-phase and quadrature-phase 
component of each chaimel is upconverted with a set of sinusoids that are 
phase offset from one another. 



BRIEF DESCRIPTION OF THE DRAWINGS 

20 

The features, objects, and advantages of the present invention will 
become more apparent from the detailed description set forth below when 
taken in conjvmction with the drawings in which like reference characters 
identify correspondingly throughout and wherein: 
25 FIG. 1 is a block diagram of a cellular telephone system; 

FIG. 2 is a block diagram of a transmit system used to generate a 
reverse link signal; 

FIG. 3 is a block diagram of a high rate transmit system; 

FIG. 4 is a block diagram of a high rate transmit system configured in 
30 accordance with one embodiment of the invention; 

HG. 5 is a graph of signals provided to illustrate the advantages of the 
invention; 

FIG. 6 is a block diagram of a high rate trai\smit system configured in 
accordance with another embodiment of the invention; 
35 FIG. 7 is a block diagram of a high rate transmit system configured in 

accordance with another embodiment of the invention; and 

FIG. 8 is a graph of signals provided to illustrate the advantages of the 
invention. 
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DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

A method and apparatus for generating a reduced peak-to-average 
5 amplitude high data rate channel using of a set of lower rate channels is 
described. In the following description, the invention is set forth in the 
context of a signal generated in accordance with the IS-95 reverse link 
waveform. While the invention is especially suited for use with such a 
waveform, the invention may also be tised with signals generated in 

10 accordance with other protocols. For example, the invention may be used 
in systems which generate signals in accordance with the IS-95 forward link 
waveform. A system and method for generating signals substantially in 
accordance with the use of the IS-95 standard is described in US patent 
5,103,459 entitled "System and Method for Generating Signal Waveforms in 

15 a CDMA Cellular Telephone System" assigned to the assignee of the present 
invention and incorporated herein by reference. 

FIG. 2 is a block diagram of a transmit system employed by a wireless 
terminal 10 to generate a single reverse link traffic channel in accordance 
with the IS-95 standard. Data 48 being transmitted is provided to 

20 convolutional encoder 50 in 20 ms segments, called frames, at one of four 
rates referred to as "full rate", "half rate", "quarter rate", and "eighth rate" 
respectively, as each frame contains half as much data as the previous and 
therefore transmits data at half the rate. Data 48 is typically variable rate 
vocoded audio information from a data source such as a vocoder system 

25 where lower rate frames are used when less information is present such as 
during a pause in a conversation. Convolution encoder 50 convolutionally 
encodes data 48 producing encoded symbols 51, and symbol repeater 52 
generates repeated symbols 53 by symbol repeating encoded symbols 51 by an 
amount sxifficient to generate a quantity of data equivalent to a full rate 

30 frame. For example, three additional copies of a quarter rate frames are 
generated for a total of four copies. No additiorud copies of a ftdl rate frame 
are generated. 

Block interleaver 54 then block interleaves the repeated s5anbols 53 to 
generate interleaved symbols 55. Modulator 56 performs 64-ary modulation 
35 on interleaved symbols 55 to produce Walsh symbols 57. That is, one of 
sixty-four possible orthogonal Walsh codes, each code consisting of sixty- 
four modulation chips, is transimtted and indexed by every six interleaved 
symbols 55. Data burst randomizer 58 performs gating, using frame rate 
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information, on Walsh symbols 57 in pseudorandom bursts such that only- 
one complete instance of the data is transmitted. 

The gated Walsh chips are then direct sequence modulated using a 
pseudorandom (PN) long channel code 59 at rate of four long channel code 
5 chips to each Walsh chip generating modulated data 61. The long channel 
code forms the channelization function for the reverse liiUc and is unique 
for each mobile telephone 10 and is known by each base station 12. For the 
forward link, to which the invention is also applicable, a shorter Walsh code 
is used for channelization. Modiilated data 61 is duplicated with the first 
10 copy being "spread" via modulation with an in-phase pseudorandom 
spreading code (PNl) producing I-channel data, and the second copy, after 

being delayed one half the duration of a spreading code chip by delay 60, is 
spread via modulation with a quadrature-phase spreading code (PNq) 

producing Q-channel data. The I-channel data and the Q-channel data are 
15 both low pass filtered (not shown), before being iised to phase shift key (PSK) 
modulate in-phase and quadrature-phase carrier signals respectively. The 
modulated in-phase and quadrature-phase carrier signals are summed 
together before transmitted to a base station or other receive system (not 
shown). 

20 Dashed line 70 indicates the boarder between the processing 

performed within a first integrated circuit (to the left) and an RF system (to 
the right) in one implementation of the invention. Thus, integrated 
circuits that perform the processing to the left and above of dividing line 70 
for a single channel are available and widely used. Also, it should be 

25 imderstood that any reference to carriers signals simply implies a system for 
upconverting a signal to the carrier frequency, which may involve the use 
of a series of upconversion steps, mixing steps, and sinusoidal signals. 
Additionally, while the invention is described in the context of performing 
offset-QPSK spreading, its general principals may also be applied to systems 

30 performing other well know modulation techniques including QPSK and 
BPSK modulation. 

FIG. 3 is a block diagram of a transmit system used for generating a 
high rate link by bundling two lower rate channels that does not incorporate 
certain aspects of the invention. Preferably, CHANNEL A is generated 

35 within a fiist integrated circuit 80 and CHANNEL B is generated with a 
second integrated circuit 82, however, such a configuration is not necessary 
to practice the invention. Also, CHANNEL A and CHANNEL B are 
preferably coded in accordance with the processing of a single channel as 
described above with respect to FIG. 2 (coding not shown). Within 
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integrated circuit 80, CHANNEL A is modulated with a channel A long code 
(long code A) and spread with in-phase spreading code PNI and, after a one- 
half chip delay, quadrate-phase spreading code PNQ. Similarly, within 
integrated circuit 82, CHANNEL B is modulated with channel B long code 
5 (long code B) and spread with in-phase spreading code PNI and, after a one- 
half chip delay, quadrate-phase spreading code PNQ. 

Long codes A and B should be unique to allow the channels to be 
demodulated independently, and are preferably orthogonal to one another. 
Various methods and systems for generating sets of channel codes are 

10 known or may be readily developed. One methods is described in US Patent 
5,442,625 entitled "CODE DIVISION MULTIPLE ACCESS SYSTEM 
PROVIDING VARIABLE DATA RATE ACCESS TO A USER" incorporated 
herein by reference. Others systems and methods are described in copending 
US patent applications serial no. 08/654,443 entitled "HIGH DATA RATE 

15 CDMA WIRELESS COMMUNICATION SYSTEM" and serial no. 

entitled "SYSTEM AND METHOD FOR TRANSMTTTING AND 
RECEIVING HIGH SPEED DATA IN A CDMA WIRELESS 
COMMUNICATION SYSTEM" filed on May 1st 1997, both assigned to the 
assignee and incorporated herein by reference. 

20 Outside integrated circuits 80 and 82, the PNI spread CHANNEL A 

data is svunmed with the PNI spread CHANNEL B data yielding summed 
in-phase data 120. Additionally, the PNQ spread CHANNEL A data is 
summed with the PNQ spread CHANNEL B data yielding summed 
quadrature-phase data 122. As should be apparent, summed in-phase data 

25 120 and summed quadrature-phase data 122 can have values of +2, 0 and -2, 
where a value of -1 is used to represent a logic zero and a value of +1 is used 
to represent a logic one. Summed in-phase data 120 is upconverted with an 
in-phase carrier, and stunmed quadrature-phase data 122 is upconverted 
with a quadrature-phase ceurier, and the resulting upconverted signals are 

30 summed generating transmitted signal 128. 

FIG. 4 is a block diagram transmit system used for generating a high 
rate link by bimdling two lower rate channels when configured in 
accordance with one embodiment of the invention. CHANNEL A is 
generated within a first integrated circuit 90 and CHANNEL B is generated 

35 with a second integrated circuit 92, CHANNEL A and CHANNEL B are 
preferably coded in accordance with the processing of a single chaimel as 
described above with respect to FIG. 2 (coding not shown). Within 
integrated circuit 90, CHANNEL A modulated with long code A and spread 
with in-phase spreading code PNI yielding in-phase CHANNEL A data 94 
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and, after a one-half chip delay, quadrature-phase spreading code PNQ 
yielding quadrature-phase CHANNEL A data 96. Similarly, within 
integrated circuit 92, CHANNEL B is modulated with long code B and 
spread with in-phase spreading code PNI yieldirig in-phase CHANNEL B 
5 data 98, and, after a one-half chip delay, spread with quadrate-phase 
spreading code PNQ yielding quadrature-phase CPiANNEL B data 99. 

Outside integrated circuit 90 and 92, in-phase CHANNEL A data 94 is 
modulated with 0**-phase carrier (COS(a:t*)) quadrature-phase 
CHANNEL A data 96 is modulated with 90**-phase carrier (SIN(a)ct)). 

10 Additionally, in-phase CHANNEL B data 98 is modulated with 90'*-phase 
carrier (COS(cfltt + 90**)) and quadrature-phase CHANNEL B data 96 is 
modulated with 180°-phase carrier (SIN(oi>ct+90'*)). The resulting 
upconverting signals are summed by summers 100 yielding signal 102 
comprised of two bundled lower rate links. As illustrated by FIG. 4, 

15 CHANNEL B is upconverted using in-phase and quadrature-phase carriers 
that are rotated by 90" with respect to the in-phase and quadrature-phase 
carriers that are used to upconvert CHANNEL B. Thus, CHANNEL B is said 
to be phase-rotated by 90** with respect to CHANNEL A. As illustrated 
below, phase rotating CHANNEL B by 90° with respect to CHANNEL A 

20 before summing reduces the peak transmit amplitude since the phases are 
offset and therefore do not fall into straight line as vectors. Reducing the 
peak amplitude, increases the efficiency with which the RF transmit 
amplifier is used. 

FIG. 5 is a graph of the amplitude of various sinusoidal signals which 
25 illustrates the benefits of the present invention. Signal 114 is the transmit 
signal generated on the in-phase channel of the non-rotated high rate 
system shown in FIG. 2. Signal 116 is the transmit signal generated by in- 
phase channel of the phase-rotated high rate system shown in FIG. 3, where 
CHANNEL B is modulated with a sinusoids rotated by 90° with respect to 
30 CHANNEL A. Only the in-phase channel is shown to simplify illustration 
of the invention, however, the principles illustrated also apply to the 
quadrature-phase channel and the sum of the in-phase and quadrature 
phase channel. Times A, B and C indicate data transitions, thus defining 
three sets of data. During the three periods, the data being sent via 
35 CHANNELS A and B is (+1,+1), (+1,-1) and (-1,-1) respectively. 

For the non-rotated signal 114, the signal transmitted during time A 
is (+l)COS(Gitt) + (+l)COS(Q)ct) which is equal to (2)COS(catt). Dxiring time B, 
signal 114 (+l)COS(cO(ct) + (-l)COS(cott), which sums to zero (0) as shown on 
the graph. During time C, the signal transmitted is (-l)COS(cBtt) + (- 



wo 98/58457 



8 



PCTA;S98/12483 



l)COS((fltt) which is equal to (-2)COS((Dtt). Thus, signal 114 is typically 
comprised of either amplitude 2 sinusoid or a zero amplitude sigrud. 

For rotated sigrwl 116, the signal transmitted dujing time A is 
(+l)COS(cQtt) + (+l)COS((Dtt + 90**) which is equal to (1.4)COS(o]tt + 45**). As 
5 should be apparent, this is a reduction in amplitude of approximately 30% 
with respect to signal 114 during that same time. Line 118 indicates the 
difference in the peak amplitude of signals 114 and 116 during time A. 
During time B, signal 116 is (+l)COS(QV:t) + (-l)COS(cOct + 90<») which is equal 
to 1.4COS(<act - 45'). During time C signal 116 is (-a)COS(cQtt) + (-l)CC)S{(act + 

10 90") which is equal to (1.4)COS(a)ct + 215°). Thus, signal 116 is comprised of a 
series of amplitude 1.4 sinusoids, rather than the amplitude 2 sinusoid or 
zero amplitude signal of signal 114, and therefore has a lower peak-average 
ratio than signal 114. This same reduction in peak-to-average amplitude is 
experienced on the quadrature-phase component of the combined signal, 

15 thereby similarly reducing the overall peak-to-average transmit amplitude 
allowing for more efficient use of a trartsmit amplifier. 

FIG. 6 is a block diagram of a tnmsmit system configured in 
accordance with a second embodiment of the invention where two chaimels 
are b;mdled to form a higher rate channel. In similar fashion .to that 

20 described above with respect to FIG. 4, integrated circuit 90 generates in- 
phase CHANNEL A data 154 and quadrature-phase CHANNEL A data 156, 
and integrated circuit 92 generated in-phase CHANNEL B data 158 and 
quadrature-phase CHANNEL B data 160. 

Outside integrated circuits 90 and 92, in-phase CHANNEL A data 154 

25 is simimed with the negative of the quadrature-phase CHANIvJEL B data 160 
generating summed in-phase data 162, and quadrature-phase CHANNEL A 
data 156 is simuned with in-phase CHANNEL B data 158 yielding summed 
qiiadrature-phase data 164. Summed in-phase data 162 is upconverted with 
an in-phase carrier and siimmed quadrature-phase data 164 is simimed with 

30 a quadrature-phase carrier, with the resulting upconverted signals summed 
and transmitted as signal 166. 

Those skilled in the art will recogruze this as the complex 
multiplication of CHANNEL A and CHANNEL B to generate restdt 
comprise of an in-phase (real) and quadrature-phase (imaginary) 

35 component, which are upconverted with the in-phase and the quadrature- 
phase carriers respectively. By performing the complex multiplication, the 
phase rotated waveform is generated without the need to generate 
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additional phase offeet sinusoids^ thus simplifying the necessary transmit 
processing. 

FIG. 7 is a block diagram of a transmit system configured in 
accordance with another embodiment of the invention in which a set of N 
5 channels are bundled to form a higher rate channel in accordance with one 
embodiment of the invention where N=5. Within integrated circuits 180 
the in-phase and quadrature-phase components of CHANNELS i=0 4 aie 
generated as described above with respect to integrated circuits 90 and 92. 
Outside integrated dicuits 180, the in-phase component of each channel is 

10 upconverted using a sinusoids COS(Qict + i/N«180°) where i is equal to the 
channel number as assigned herein, and N is equal to 5, which is the total 
number of channels being bundled to form the higher rate channel in the 
example shown. Similarly, the quadrature-phase component of each 
channel is upconverted using a sinusoid SIN(a)ct + i/N»180*'). The resulting 

15 upconverted signals are simuned together and transmitted as signal 190. 

By rotating the phase of the carrier signals used for each channel i = 0 
to N-1 in a set of channels N by an amoimt i/N«180°, the peak transmit 
amplitude generated by the summed waveform is reduced relative to the 
peak amplitude of a signal formed by stimmed channels upconverted using 

20 non-rotated sinusoidal carriers. This is because phase rotating the set of 
sinusoidal signals eliminates coherence whereby the amplitudes of the set of 
signals all peak simultaneously. Thus, a given transmit amplifier can be 
used more efficiently to transmit the higher rate signal. While other phase 
offset spacing may be used, the use of phase offset spacing as described 

25 herein is preferred because it provides maximum, eqvial distance, phase 
differential, 

FIG. 8 is a graph of the amplitude of various sinusoidal signals 
further illustrating the benefits of the present invention for the high rate 
channel of FIG. 7 comprised of 5 bundled lower rate channels. Signal 134 

30 corresponds to the in-phase portion of a high rate channel generated by 
summing 5 non-rotated lower rate channels, referred to as CHANNELS A 
through E. Signal 132 corresponds to the in-phase portion of a the high rate 
chaimel generated by summing 5 phase rotated lower rate channels as 
shown in FIG 7. Only the in-phase channel is shown to simplify illustration 

35 of the invention, however, the principles illustrated also apply to the 
quadrature-phase chaimel and the siun of the in-phase and quadrature 
phase channel. Times D, E and F indicate data transitions, thus defiiung 
three sets of data. Dimng the three periods, the data being sent via 
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CHANNELS A through E is (+1,+1,+1,+1,+1), (+1,-1,-1,-1,+!) and (-1,-1,-1,-1,- 
1) respectively. 

It can be seen from FIG. 8 that the amplitude of the non-rotated signal 
130 is greater than that of rotated signal 132 by an amount 134 during times 
5 D and F. This is becaxose the five lower rate channels add coherently during 
times D and F, while the 5 rotated signals do not. During time E, the 
amplitude of non-rotated signal 130 is less than that of rotated signal 132. 
This is because the 5 non-rotated lower rate channels add more destructively 
during time E than the five rotated lower rate channels. Thus, phase rotated 

10 signal 132 more evenly spreads out the transmit energy over time, and 
therefore has a lower peak-to-average amplitude ratio than non-rotated 
signal 132. Therefore, the present invention allows transmit amplifiers to 
be used more efficiently including allowing lower cost amplifiers to be used, 
or for a given amplifier to be used at greater range. 

15 The previous description of the preferred embodiments is provided 

to enable any person skilled in the art to make or use the present invention. 
The various modifications to these embodiments will be readily apparent to 
those skilled in the art, and the generic principles defined herein may be 
applied to other embodiments without the use of the inventive faculty. 

20 Thus, the present invention is not intended to be limited to the 
embodiments shown herein but is to be accorded the widest scope consistent 
with the principles and novel features disclosed herein. 



WE CLAIM: 
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CLAIMS 



1. A method for generating a higher rate channel using a set of N 
2 lower rate channels comprising the steps of: 

a) generating a set of N sinxisoids having a corresponding set of N 
4 phase offsets; 

. b) upconverting said set of N lower rate channels using said set 
6 of N sinusoids jnelding a set of upconverted signals; 

c) summing said set of upconverted signals jdelding a summed 
8 . signal; and 

d) transmitting said sununed signal. 

2. The method as set forth in claim 1 wherein said set of N phase 
2 offsets are equal to a set of vsdues i/N•180^ where i is an index from 0 to N- 

1. 

3. The method as set forth in claim 1 wherein said set of lower 
2 rate channels are transmitted across an overlapping band of RF spectrum. 

4. The method as set forth in claim 1 wherein each of said set of 
2 channels is generated via the steps of: 

encoding source data; 
4 interleaving said source data; 

modulating said source data with a unique channel code; and 
6 modulating a first copy of said soxirce data with an in-phase code and 

a second copy of said data with a quadrature-phase code. 

5. The method as set forth in daim 1 further comprising the steps 

of: 

generating a second set of N sinusoids having a corresponding set of 
N phase offsets that are phase offset from said set of sinusoids by 90**; 

upconverting an in-phase component of each channel from said set 
of N chaimels using said set of N sinusoids; and 

upconverting a quadrature-phase component each channel from said 
set of said set of N channels using said second set of N sinusoids. 

6. A system for generating a high rate channel comprising: 



2 
4 
6 
8 
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2 a set of N integrated circuit for generating a corresponding set of N 

lower rate chaimels; 
4 a set of sinusoids generators for generating a set of N sinusoids 

having a corresponding set of N phase offsets; 
6 a set of multipliers for upconverting said set of N lower rate channels 

using said set of N sinusoids; and 
8 a set of sununers for summing said of N channels received from said 

set of multipliers. 

7. The system as set forth in claim 6 wherein said set of N phase 
2 offsets are equal to a set of values i/N•180^ where i is an index from 0 to N- 

1. 

8. The system as set forth in claim 6 wherein said set of N lower 
2 rate channels are transmitted across an overlapping band of RF spectrum. 

9. The system as set forth in claim 1 further comprising: 

2 a second set of sinusoids generators for generating a second set of N 

sinusoids that are phase offset from said set of sinusoids by 90°, wherein 

4 an in-phase component of each channel from said set of N channels 

is modulated using said set of N sinusoids, and a quadrature-phase 

6 component each channel from said set of said set of N channels is 
modulated using said second set of N sinusoids. 

10. A system for generating a high rate channel comprising: 
2 means for generating a set of N lower rate charmels; 

means for generating a set of N sinusoids having a corresponding set 
4 of N phase offsets; 

means for upconverting said set of N lower rate channels using said 
6 set of N sinusoids; and 

means for summing said of N chaimels received from said set of 
8 multipliers. 

11. The system as set forth in claim 10 wherein said set of N phase 
2 offsets are equal to a set of values i/N»180**, where i is an index from 0 to N- 

1. 

12. The system as set forth in claim 10 wherein said set of N lower 
2 rate channels are transmitted across an overlapping band of RF spectrum. 
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13. The system as set forth in claim 10 further comprising 
2 means for generating a second set of N sinusoids tiiat are phase offeet 

from said set of sinusoids by 90**, wherein 
4 an in-phase component of each channel from said set of N channels 

is modulated lasing said set of N sinusoids, and a quadrature-phase 
6 component each channel from said set of said set of N channels is 

modulated using said second set of N sinusoids. 
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